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1 | INTRODUCTION 


A large part of the exchange rate related literature has emphasised the direct effect of currency move- 
ments on aggregate prices and quantities (see Burstein & Gopinath, 2014 for an overview). Scholars 
have paid particular attention to the phenomenon of incomplete pass-through; the stylised fact that 
exchange rate shocks are in the majority of cases only partially transmitted to foreign consumers. 
Apart from imported inputs, distribution and other costs in local currency, heterogeneity in terms of 
firm productivity and product quality can explain pricing-to-market behaviour and incomplete pass- 
through to local prices in a variable markup framework (Berman, Martin, & Mayer, 2012; Chen & 
Juvenal, 2016). Relatedly, this paper studies the effect of a currency appreciation on the average 
quality of exports that arises due to shifts in the export composition. This is also relevant from a pol- 
icy point of view since adjustments of the quality composition of exports may be a dynamic channel 
through which an economy remains competitive after a currency appreciation. This would be particu- 
larly important for a high-wage country such as Switzerland that faces steady appreciations of its cur- 
rency. The appreciation trend of the Swiss Franc is displayed in Figure 1, which shows the evolution 
of the Swiss Franc against the US$, the euro and a trade-weighted basket of currencies in the sample 
period between 1996 and 2015. Despite the Swiss Franc's tendency to appreciate over time, export 
sales have more than doubled during this period, as illustrated in Figure 1. 

This apparent resilience of the Swiss export economy to exchange rate changes is usually associ- 
ated with its concentration in inelastic niche markets of high-quality products (Auer & Saure, 2011), 
its backward linkages to international supply chains (Fauceglia, Lassmann, Shingal, & Wermelinger, 
2014; Fauceglia, Shingal, & Wermelinger, 2014) and its diversification in terms of export destinations 
towards higher growth markets such as China. There is, however, no systematic study that addresses 
the response of the average export quality to a Swiss Franc appreciation as a margin of adjustment. 
Auer and Saure (2011) document that Swiss exports are indeed concentrated in price-insensitive sec- 
tors, but they do not analyse how the export composition reacts to the exchange rate. At the firm level, 
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FIGURE 1 Export sales and CHF nominal exchange rate indices (1996 = 100). 
Source: Swiss National Bank (SNB) 


Kaiser and Siegenthaler (2016) find evidence that Swiss exporters demand more skilled labour, in- 
crease R&D expenditures and the outsourcing of simpler tasks after a Swiss Franc appreciation. Their 
findings thus suggest that firms adjust the product quality upwards when the Swiss Franc appreciates. 
This study provides complementary evidence with product-level customs data that the average export 
quality increases at different levels of aggregation (HS 8-digit to HS 4-digit category) during Swiss 
Franc appreciation periods.' This is driven by gains of market shares of higher-quality varieties at the 
expense of lower quality varieties within narrowly defined product categories. Moreover, exchange 
rate-driven quality responses are particularly pronounced for differentiated goods and in sectors inten- 
sive in R&D and advertisement. Our results are consistent with a quality-augmented Melitz (2003) 
model presented in Section 2 that emphasises a pure selection effect as the main driver of quality up- 
grading. In this model, a currency appreciation raises the capability (ratio of product quality to mar- 
ginal cost of production) cut-off for the marginal exporter.” As a result, less capable exporters that are 
not able to provide the higher required quality to thrive in this more competitive environment pull out 
of the export market. This selection effect increases the average export quality to a given destination 
through a shift in the export composition towards higher-quality goods. 

Our results are in line with Auer and Chaney (2009) who also provide weak evidence for quality 
upgrading of products exported to the US when the exporter's currency appreciates. In addition to 
using the quality composition indicator from Auer and Chaney (2009) at higher aggregation levels, 
we also employ the quality indicator suggested by Khandelwal, Schott, and Wei (2013) that measures 
the average export quality within the most disaggregated product group level. In contrast to our re- 
sults, Verhoogen (2008) shows that an exchange rate depreciation induces Mexican firms with higher 


'We employ nominal exchange rate indices in the empirical part because these are the theoretically relevant exchange rates 
according to our theoretical framework. They also exhibit more variation to exploit empirically than real exchange rates. 
Importantly, however, all main conclusions also hold when we use real exchange rates as described in Section 4.4 (see also 
the Table A1 for robustness checks to real exchange rate specifications). 


Тре marginal exporter is the least capable exporter that still satisfies the zero-profit condition. 
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abilities to upgrade the product quality of Фет exports and to pay higher real wages. Verhoogen's 
(2008) results are, however, not directly comparable to ours since Mexico is substantially poorer 
than Switzerland. In addition, Verhoogen's sample period coincides with the aftermath of the Tequila 
crisis in which Mexico was affected by massive capital outflows and a Peso depreciation, while our 
sample contains appreciation episodes that were mainly driven by (safe haven) capital inflows. Our 
study is also related to Hu, Parsley, and Tan (2017) that show that Chinese firms increase the quality 
of exported products through upgrading imported inputs after an appreciation of the Chinese currency 
vis-a-vis input sourcing countries. Our study differs in the sense that we concentrate on exchange rate- 
driven reallocation effects within product groups that result in changes of the average export quality. 

From a policy point of view, this export composition effect also indicates the importance of fa- 
cilitating rapid structural changes in the set of exported goods in order to maintain a responsive and 
resilient export sector. The empirical results also reveal that a higher quality boosts export sales even 
at higher aggregation levels and reduces the negative effect of higher prices on export demand, par- 
ticularly for differentiated goods and in sectors with a greater scope for quality differentiation. In this 
sense, Swiss exporters that provide a higher product quality are at least partly shielded from excessive 
price competition in export destinations. 

To sum up, this study establishes the quality composition of exports as an additional margin of 
adjustment in response to an appreciating currency. The focus on compositional changes examined 
with two distinct empirical quality measures at different aggregation levels is what distinguishes this 
paper from the existing literature and, therefore, constitutes the main contribution of this paper. From 
a methodological point of view, the results suggest that estimations of the pass-through rate that do 
not control for simultaneous quality changes tend to be biased upward regardless of the level of ag- 
gregation or type of data. 


2 | THEORETICAL BACKGROUND 


The seminal paper by Melitz (2003) and its quality extensions (see for instance Baldwin & Harrigan, 
2011; Feenstra & Romalis, 2014; Johnson, 2012) constitute the theoretical foundation of our regres- 
sion analysis (see also the Appendix for a formal theoretical model). In the original Melitz (2003) 
model, firms differ in terms of their productivity, which is inversely related to the marginal cost of 
production. That is, a firm with a high productivity has a low marginal cost of production. The pro- 
ductivity of each firm is drawn randomly from some known statistical distribution prior to starting 
production. However, some firms exit the home market immediately since their productivity draw is 
not sufficiently high to generate positive (or non-negative) profits. To serve an export market, firms 
must incur a fixed cost related to establishing a logistics network, a brand, compliance with local law, 
etc., in addition to variable production and trade costs. Because of the presence of this fixed cost of 
market entry, only a subset of sufficiently productive firms (among those surviving) will be able to ex- 
port profitably. These firms benefit from a trade liberalisation due to an expansion of export demand, 
while the least productive firms suffer from the additional competition of foreign firms and exit. As 
a result, a trade liberalisation induces market share reallocations towards more productive firms that 
generate aggregate productivity gains, which is the main insight of the Melitz (2003) model. 

While in the original Melitz (2003) model, exporters and non-exporters only differ in terms of 
marginal cost of production (“productivity”), we add a quality dimension to firms to explain the effect 
of exchange rate movements on the average export quality. A higher product quality acts as demand 
shifter so that firms with relatively higher quality earn higher profits as compared to firms supplying 
lower quality with the same marginal cost structure. As a consequence, the partition between exporters 
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and non-exporters is driven by the ratio of product quality to marginal cost of production, which we 
may denote as firm “capability”. A high capability firm with a high ratio of quality to marginal cost 
generates higher profits that a low capability firm. In Figure 2, we draw a normal distribution of firm 
capabilities with a capability cut-off determined by the zero-profit condition for the marginal exporter. 
In other words, the marginal exporter has a sufficiently large ratio of product quality to marginal cost 
that allows her to accrue enough operating profits (= revenues minus variable costs) in the export 
market to cover the recurring fixed cost of exporting (“zero profit”). This implies that only firms 
above this ratio of product quality to marginal cost enter the export market profitably and determine 
the average export quality of a country. We also assume that firm capability and product quality are 
positively correlated so that the export quality increases along the capability dimension. As a conse- 
quence, a higher capability cut-off shifts the firm composition towards more capable exporters and, 
therefore, raises the average export quality of a country. 

What would be the effect of a currency appreciation in this framework? A currency appreciation 
reduces export revenues whenever demand for a firm's product in the export market is negatively 
related to its local currency price. This leads to reduced export profit margins for all exporters under 
the assumption that at least part of the costs are incurred in the exporter's currency (so that there is 
no full “natural hedging”). Graphically, the currency appreciation shifts the capability cut-off to the 
right, as displayed in Figure 2, because it now requires a higher ratio of product quality to marginal 
cost to meet the zero-profit condition for the export market. Consequently, some of the least capable 
exporters already close to “zero profits” before the appreciation would now make losses abroad and 
thus are forced to pull out of the export market altogether. The stronger currency therefore reallocates 
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FIGURE 2 Firm distribution of capabilities and cut-off for export market entry 
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export market shares towards more capable firms that supply higher-quality products and are still able 
to make profits abroad in this more competitive environment. Put differently, a currency appreciation 
induces a selection and composition effect that raises the average export quality of a country. This is 
the main prediction that we test later empirically in Section 4. 

We also examine the relationship between market size and average export quality. As demand rises 
in the export market—approximated by a rise in real GDP—export revenues and profits tend to rise, 
implying a shift of the capability cut-off to the left, which promotes the entry of less capable exporters 
(see also Feenstra & Romalis, 2014). It follows that the average export quality is predicted to fall in 
response to a rise in foreign GDP. Support for this relationship would provide additional evidence that 
adjustments in the composition of exporters play an important role in triggering changes in the average 
export quality. 


3 | MEASURING QUALITY CHANGES THROUGH 
COMPOSITIONAL EFFECTS 


This section presents two different measures of export quality that are later used in Section 4 to exam- 
ine the relationship between exchange rate movements and quality. The first measure recovers quality 
from the regression residual of an export demand function (see Section 3.1), while the second measure 
employs export unit values to infer product quality (see Section 3.2). Both empirical quality measures 
capture changes in the average export quality stemming from shifts in product market shares at differ- 
ent aggregation levels of product groups. The first quality indicator presented in Section 3.1 measures 
quality at the finest disaggregation level but may also be affected by firms that adjust product qualities 
within a specific HS 8-digit product group as opposed to the second quality measure from Section 3.2 
that only captures pure compositional effects (by using lagged unit prices). 

The quality of a product is not directly observable by the econometrician but can be inferred from 
observed demand behaviour or export ргісеѕ.? In this paper, quality is understood fairly broadly as 
product-related factors that shift demand for this product outward. This implies that an increase in the 
quality of a specific product should boost its demand compared to similar products with the same 
price but inferior perceived quality. In other words, customers prefer the product with the highest per- 
ceived quality in a set of equally priced substitutes. This is also the intuition behind the method pro- 
posed by Khandelwal et al. (2013) that we employ to infer product quality in Section 3.1. Relatedly, 
higher-quality products can command higher export prices because their price elasticities tend to be 
lower in comparison with low-quality products. More generally, in our understanding product quality 
is not restricted to physical characteristics of a product and, consequently, can be improved by other 
means than (long-term) product innovation as well. Quality improvements are, for example, also re- 
lated to advertisement intensity, branding and placement of a product. These marketing practices aim 
to raise customers’ willingness to pay for a product that is promoted as superior relative to peer group. 
Similarly, the coupling of manufacturing products with related services (“servicification”) such аз 
maintenance, repair, surveillance, consulting or product customisation is becoming increasingly im- 
portant in the process of quality upgrading. Firms can gain a competitive advantage and establish 
more durable relationships with their customers through services that help them differentiate from 
competitors (Low, 2013). As a result, providing services in addition to the physical product is likely to 
foster the perceived product quality from the viewpoint of customers. 


3Feenstra and Romalis (2014) also apply supply-side conditions to estimate the export quality. 
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31 | Estimated quality measure 


Our first quality measure is based on an adaption of the method proposed by Khandelwal et al. (2013). 
Apart from prices and income in the destination market, export demand for a specific export product 
also depends on quality understood as a demand shifter. Therefore, we can estimate a demand func- 
tion that controls for price and income differences and recover quality from the estimated residuals 
accordingly. Those residuals capture all factors that shift demand and cannot be attributed to relative 
price or income changes in a given export destination. 

More formally, we define an export demand x;,, at the observed product-level i (HS 8-digit level) 
that depends (positively) on the product quality 4, (negatively) on price р, relative to the price index 
Р. and positively on income E,, іп destination с and year t, with o being the elasticity of substitution 
between products: 

Xia =l Pha Ба >. (1) 

We can use an exchange rate €,,, defined as foreign currency over domestic currency, and trade 
costs T,,(> 1) to link unobserved prices in destinations p;« to observed free on board (fob) export unit 
values pe (“export prices”). Specifically, using €,,7,, ban = Pien We can describe the observed demand 
at the destination-product level in Equation (1) in log-linear form as follows: 


In (i) +0 In (р?) = (с – 1) In (Py) — 0 (Ета) + In (Ea) +(0- 1) (4), 


‘ob 
ict 


In (Хр) +o In J=a,t+a,,+(o-1) In (а). 


We estimate Equation (3) with destination-time fixed-effects о, that control for changes in expen- 
ditures (E,,) and aggregate price movements (P.,) in the destination country. Moreover, these destina- 
tion-time fixed effects also absorb trade costs (т,,), and exchange rate changes (€,,) over time. Since 
different HS 8-digit products i may not be comparable among them, the а; fixed effects capture funda- 
mental differences across HS 8-digit products. The basic idea of this method is intuitive: conditional 
on relative product price and income in the destination country, increases in demand within a HS 8- 
digit product are associated with a higher quality. Put differently, the quality of a product is identified 
from demand changes within a HS 8-digit product for a given fob export price after controlling for 
price index, income, tariff and exchange rate changes. After estimating Equation (3), the quality of 
exports is then calculated from predicted residuals 2,.; 


А 


е. 
In (де) =. + 
п (Ч) = = (4) 


To obtain the time-varying predicted quality at the highest level of disaggregation in our data, In (G;.,) 
in Equation (4), we use the elasticities of substitution o, from Imbs and Méjean (2015) available at the 
3-digit ISIC (Revision 2) sector level that also includes Switzerland in the country sample. The sigmas 
о; Measure the responsiveness of the average demand in a sector k to relative price changes, which de- 
pends on the substitutability of goods within a specific sector. Higher sigmas imply a higher demand 
responsiveness to price changes. In a robustness check, we employ the sigmas from Soderbery (2015) 
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to check for the sensitivity to different elasticity estimates. Imbs and Méjean (2015) and Soderbery 
(2015) use different estimation techniques to deal with the endogeneity of price changes and aggrega- 
tion or small sample biases that would lead to inconsistent sigma estimates if not properly addressed.“ 


3.2 | Quality composition measure 


We construct a second quality measure that is based on export unit values, as widely applied in the 
literature (see for example Hallak, 2006; Hummels & Klenow, 2005; Manova & Zhang, 2012). Even 
though differences in fob export unit values at the HS 8-digit level may reflect differences in produc- 
tion costs and pricing strategies across varieties (Henn, Papageorgiou, & Spatafora, 2013), most of the 
variation in unit values can be attributed to quality changes according to Feenstra and Romalis (2014) 
(see also Hallak, 2006). The idea that the variation of export unit values is predominantly driven by 
quality differences is also supported by the positive relationship between export prices and sales ob- 
tained in Section 4.5 that is consistent with the empirical findings of Baldwin and Harrigan (2011) and 
Manova and Zhang (2012). This result can only be reconciled with quality-augmented versions of the 
Melitz (2003) model in which a higher export price reflects a higher product quality.° 

Specifically, we adapt a measure introduced by Auer and Chaney (2009) to approximate for 
changes in the average export quality: 


A Quality) де = > (Sicr — Sict—-1 ) xIn (per). (5) 


около, у 


where 5, and Sie] denote the market shares of HS 8-digit products i in time ¢ and t—1 within a HS 4-digit 
product group Q in a given destination с. Export prices (unit values) ps in period t—1 are intended to 
capture quality differences of destination-specific HS 8-digit products within a product group. We use 
lagged export prices ( pe) from the period f—1 to ensure that unit values are not affected by contempo- 
raneous exchange rate and other cost and demand shocks. In addition, only products that are exported in 
both periods 7 and 1—1 are considered so that the market shares Sje and Si- sum to unity. A positive 
change, A Quality,,.4-; > 0, reflects rising export market shares of more expensive HS 8-digit products 
within a product group. This would be interpreted as an increase in the average export quality of a desti- 
nation-specific product group in period Е Quality changes defined as in Equation (5) are thus driven by 
product composition effects within narrowly defined HS4-digit product groups.® For example, the HS 4- 
digit code 6106 corresponds to “Women's or girls' blouses & shirts, knit or croch,” which contains the HS 


“Imbs and Méjean (2015) employ the novel tetrad method proposed by Caliendo and Parro (2015) to estimate the trade 
elasticities, while Soderbery (2015) relies on a limited information maximum-likelihood estimator (LIML) combined with a 
constrained nonlinear LIML routine. 


>Feenstra and Romalis (2014) show that more developed countries export more expensive goods relative to poorer countries. 
In contrast, quality-adjusted export unit values tend to be only slightly higher for developed countries, indicating that most of 
the variation in export unit values is explained by quality. 


®Moreover, empirical evidence (see for instance Johnson, 2012) suggests that the quality of a product often increases 


с 


board export prices are positively correlated, as сап be seen from the following relationship: pa) а lia . This 
ma 


disproportionately with firm capability. This translates to Ө > 1, which implies that product quality and ie d frea on 
indicates that export prices are valid quality approximations of the underlying products within a relatively narrowly defined 


product group if 0 > 1 holds. This condition is more likely to hold for more differentiated goods. 


For example, we have two similar products with prices р = 5 and p, = 6 and equal market shares s; = 5=0.5 in period 1-1. 
In period 7, the market share of the more expensive variety increases to 55 = 0.6, (5; = 0.4) so that we obtain the following 
increase in the average quality change: (0.6—0.5)*6+(0.4-0.5)*5=+0. 1. 


ЗТреге are about 1,200 HS 4-digit product groups in our sample. 
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TABLE 1 Summary statistics of estimation variables 
Stdandard 
Variables Obs. Mean deviation Min Max 
AQuality (demand residual based) 1,346,820 0.00 1.701 —58.753 68.091 
AQuality (unit value based) 446,492 —0.029 1.041 —13.90 11.94 
AExchange rate 1,346,820 0.030 0.087 —0.209 0.895 
AReal GDP (destination) 1,346,820 0.024 0.029 —0.096 (02158 
AReal GDP per capita (destination) 1,346,820 0.018 0.028 —0.094 0.128 
AProduction prices (СН) (2-digit ISIC) 1,346,820 0.0006 0.033 —0.381 0.347 
Almported input prices (CH) (2-digit ISIC) 1,346,490  —0.003 0.058 —0.283 0.176 
Market share (in HS4 & destination) 1,346,820 0.291 0.358 0 1 
Herfindahl index (HHI) (of HS4 & 446,492 0.729 0.270 0.048 1 
destination) 
R&D and advertisement intensity 1,175,982 0.032 0.025 0.002 0.166 
Differentiated goods dummy 1,328,779 0.752 0.432 0 1 


6-digit code 610610 “Women's or girls' blouses, shirts, of cotton, knitted or crocheted” among others. 
Calculating A Quality,,4,, at the narrower HS 6-digit level would have resulted in а much lower variability 
of this measure because in many cases there is only one HS 8-digit product exported to a given destination 
within each HS6-digit product category. However, the significance of the results is not sensitive to using 
the quality composition measure computed at the HS 6-digit level, as robustness checks will show. 


4 | ESTIMATION 


41 | Econometric strategy 


We estimate the following equation to examine the effect of exchange rate movements on the ob- 
served average quality of exported products i (defined at 8-digit, 6-digit or 4-digit of the HS category) 
to destination country с and year t: 


A Qia = ВА ЕК, +y Aln GDP „+ô Aln ProdPrice,, + рзћате (HHL о ) + Xie FN НЕ. (6) 


The dependent variable A Q,., corresponds to the first difference of the demand residual quality estimate 
(In (G;-;)) from Section 3.1 in Tables 2 and 3 and to the quality composition measure (A Quality 4) from 
Section 3.2 in Tables 4 and 5. The first-difference model (6) can be viewed as a transformed fixed-effects 
model that controls for unobserved heterogeneity at the destination-product level but also considers the 
likely persistence of explanatory variables such as exchange rates, GDP series and prices Wooldridge, 
2002.” Time-invariant destination-specific factors such as distance that might affect export quality (e.g., the 
Alchian—Allen conjecture for which there is evidence in Hummels & Skiba, 2004) are absorbed as well in 
this specification. A currency appreciation (A In ER 1) is expected to have a positive effect on average export 
quality according to our theoretical motivation, implying р > 0 after taking into account the evolution of real 
GDP in export countries over time and Swiss production cost changes (А ш ProdPrice,,) measured at the 
2-digit sector-level К of the ISIC classification. Share;., denotes the HS 8-digit product market share relative 


The first-difference model that employs АЕР is nowadays common practice in studies about export pricing with 
relatively longer panels (see for instance Amiti et al., 2014; Auer & Chaney, 1991; Burstein & Gopinath, 2014). 
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to all Swiss products sold in a country within a given HS 4-digit category. This market share variable con- 
trols for changes in the competitive pressure that a specific product faces in a given destination compared to 
its Swiss competitors, as in Amiti, Itskhoki, and Konings (2014) and Manova and Zhang (2012). In the es- 
timations using the quality composition measure (Section 3.2) at the more aggregated level, we are able to 
compute the more commonly used (destination-specific) Herfindahl index (HHI;,,) that measures market 
concentration of HS 8-digit products within a given HS 4-digit category, as in Fan, Li, and Yeaple (2015). " 
Among others, changes in the product variety and competitive stance in a destination market stemming 
from trends in the supply of domestic and imported products from other countries are captured by time 
trends at the destination-product level (A,,).'' We also employ time fixed-effects n, to absorb common trends 
that affect the quality of all exports similarly (e.g., the increasing importance of after-sales services). 
Standard errors are in most specifications clustered at the destination-sector (2-digit HS) level. This allows 
errors to be correlated over time and cross-sectionally within relatively large sectors. The idea is that the 
exchange rate might affect the export quality similarly within 2-digit HS sectors (Moulton, 1990). Moreover, 
clustering at the destination-sector level rather than at the destination level prevents us from having too few 
clusters. However, the significance of the main results is not sensitive to clustering at a more fine-grained 
destination-product level. We also test the robustness of the results in dynamic models by employing the 
GMM estimator introduced by Arellano and Bond (1991). This GMM framework permits to consider serial 
correlation of quality changes and the potential endogeneity of exchange rate changes. 


4.2 | Data sources and construction of the dataset 


Product-level bilateral trade data between 1996 and 2015 are obtained from the Swiss Federal 
Customs Administration and include the fob value of transactions in CHF and a quantity meas- 
ured in kg disaggregated at the HS 8-digit level. This allows to generate fob unit values as a 
proxy for export prices that are necessary to estimate and construct the quality measures pre- 
sented in Section 3. We reduce the dataset to the 37 most important trading partners of Switzerland, 
including all OECD countries and the BRICS that account for more than 90% of Swiss exports. 
The monthly recorded transactions are collapsed to annual data by summing revenues and quanti- 
ties over disaggregated HS8-digit product categories within export destinations. We then match 
the customs data with exchange rate indices calculated with data from the Swiss National Bank 
(SNB). GDP and GDP per capita are retrieved from the World Development Indicators database. 
Producer price indices at the ISIC 2-digit level (Revision 3.1) are taken from the Swiss statistical 
agency (BFS) and matched to our dataset classified in HS categories with the use of correspond- 
ence tables provided by the UN statistics division. Similarly, we construct sectoral imported 
input prices for each period by calculating a weighted sum of sectoral import price indices IMP ; 
taken from BFS, IMP,, = >) (МР, Кї), with the weights КУ, corresponding to the imported input 


share from sector si to total imported inputs in each output sector so. These import shares are 
computed from the 2001 I-O table for Switzerland available from the OECD (OECD, 9012). * 


Specifically, the HHI is computed by summing the squares of the HS 8-digit market shares of Swiss HS8-digit products in a 
given destination and HS 4-digit category. 


"The fixed-effects Aic correspond to linear time trends at the destination-product level in the first-difference model. 
Similarly, the included intercept also corresponds to a linear time in this model. 


We use the chronologically first I-O table for Switzerland that is available for the sample period. In addition, the sectoral 
imported input shares, Rv in total imported inputs used to construct sectoral import price indices IMP,, tend to be very stable 
over time and mainly affected by slow-changing technological factors. For instance, there is an almost perfect correlation— 
coefficient of 0.99—between the Rv from the 2001 and 2005 I-O table. 
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We use the Rauch (1999) classification to define goods that can be differentiated for technologi- 
cal reasons. Specifically, products are classified as differentiated if they are not traded on an 
organised exchange or referenced priced. As an example, footwear in general will be classified 
as differentiated, while industry metals, which are mostly traded on an organised exchange, or 
synthetic fibres such as polymers with a reference price are treated as homogeneous. In addition, 
we also employ the sectoral R&D and advertisement measure from Kugler and Verhoogen 
(2012). It is calculated as the ratio of sectoral expenditures on R&D and advertising to total sales. 
As the scope for quality differentiation is largely driven by sectoral technological factors com- 
mon across countries, we argue that it is reasonably approximated by this measure calculated 
with US data in line with the trade literature (see for instance Fan et al., 2015 or Bas & Strauss- 
Kahn, 2015).'3 We ensure the consistency of the product classification at the HS 8-digit level by 
applying an algorithm similar to the one outlined in Pierce and Schott (2012) that replaces obso- 
lete codes with time-consistent codes for each product in our data. This procedure is necessary 
since the Swiss HS 8-digit classification underwent several major changes, the most significant 
ones coinciding with the revisions of the international HS 6-digit classification in 2002, 2007 and 
2012, which resulted in the assignment of new codes to a substantial number of HS 8-digit prod- 
ucts. All these data are summarised in Table 1. 


4.3 | Descriptive statistics 


Both quality measures in Table 1 display upward and downward movements with no clear trend dur- 
ing the sample period. We also observe that the bilateral nominal exchange rate indices exhibited 
both periods of depreciations and appreciations. GDP and GDP per capita in destination countries 
rose (by 2.4% and 1.8%, respectively) on average during the sample period. The same also holds for 
production prices (0.06%) in Switzerland, while imported input costs fell (—0.03%) in Switzerland 
between 1996 and 2015, on average. The mean expenditures on R&D and advertisement to total 
sales are around 3.2% in the sample, while around 75% of destination-product pairs are classified as 
differentiated as opposed to homogeneous goods. These two values are similar to the US and indi- 
cate the relatively high scope for quality differentiation in Swiss exports (Kugler & Verhoogen, 
2012; Rauch, 1999). This is also reflected in Switzerland featuring the highest export quality, being 
on average 66% higher than the world average of 185 countries in 2007. In comparison, exports from 
Japan, the US and most other developed European countries exhibit 15%—30% higher export quality 
than average (Feenstra & Romalis, 2014).'* To provide an illustration of the quality evolution over 
the sample period, we present the export price distribution in 1996 and 2015 in Figure 3. More spe- 
cifically, we plot the price residuals for both years recovered from regressing prices on HS 8-digit 
product fixed effects, as in De Loecker, Goldberg, Khandelwal, and Рауспік (2016).'° Even though 
there is a statistically significant shift of the distribution to the right, quality appears to be only mar- 
ginally affected over the course of the sample period. This suggests that there might be opposite 
forces on quality that might cancel each other out, but not excluding a significant effect of the ex- 
change rate on quality. This is exactly what emerges from the regression analysis presented in the 
next section. 


For instance, for iron, the value of this measure is 0.6%, while for watches, it is 4.6%. 


'4Similarly, in another ranking Swiss exports are ranked 4th in 2003 in terms of quality behind Finland (3rd), Singapore (2nd) 
and Ireland (1st) (Hallak & Schott 2008). 


This descriptive method for displaying the quality distribution is widely applied in the trade literature (see for instance Bas 
& Strauss-Kahn, 2015; Fan et al., 2015) and relies on unit values, as our second quality measure presented in Section 3.2. 
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4.4 | Evidence on the relationship between exchange rate changes and 


product quality 


Table 2 presents the regression results on the relationship between exchange rate changes and the 
adjustment of product-level quality. The dependent variable corresponds to the change in the (natural) 
log of quality at the HS 8-digit category, as estimated in Section 3.1. Column (1) of Table 2 suggests 
that a currency appreciation translates into a higher export quality after controlling for real GDP 
changes in destination countries and sectoral production price changes in Switzerland. This result is 
robust to the inclusion of time trends at the destination-product level in column (2). From columns (3) 
and (4), we see that adding the product market share within a given destination and 4-digit HS product 
category does not affect the size and significance of the exchange rate effect on quality. A higher 
product market share is associated with a higher quality of the exported products. One possible inter- 
pretation is that higher market power provides the financial means to foster product quality. But it 
could well be that causality runs from increased product quality to higher market shares. Columns 
(5)-(8) reveal that the positive impact of an appreciation on export quality is more pronounced for 
differentiated products and concentrated in sectors with an R&D and advertisement intensity above 
the sample median. А 10% CHF appreciation increases the average product quality by about 1%—1.6% 
in products and sectors with a greater scope for quality differentiation, while the exchange rate effects 
turns out to be insignificant or even negative for homogeneous products or sectors that rely less on 
R&D and advertisement and compete more on prices. We display in Figure 4 the exchange rate elas- 
ticity of the average export quality as a function of sectoral shares of R&D and advertisement expen- 
ditures in total sales estimated with the empirical model of column (7). It indicates that only firms 
belonging to sectors that spend more than approximately 2.5% of their revenues on R&D and adver- 
tisement such as machinery, watches or precision instruments respond to an exchange rate shock by 
improving the export quality. In contrast, in sectors such as textiles, footwear, furniture or in com- 
modities like basic metals or agricultural goods an appreciation does not have a significant effect on 
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Quality response (in %) 
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R&D and advertising expenditures to sales (in %) 


FIGURE 4 Exchange rate elasticity of the export quality (= %-response to 1%-appreciation) as а function of the 
sectoral R&D and advertisement intensity 


product quality.'° With regard to control variables, it is evident that higher production costs are con- 
sistently related to higher export quality. Conversely, increases in market size proxied by changes in 
real GDP tend to reduce the average export quality to a given destination, at least in estimations 
without destination-product time trends (columns (3), (5) and (7)). This result is consistent with a 
quality-augmented Melitz model in which the product quality provided by the marginal exporter is 
lower in larger markets, which reduces the average export quality to this destination. This set of esti- 
mations takes into account unobserved heterogeneity by considering fixed effects at the HS 8-digit 
destination level that were dropped due to first differencing. 

In Table 3, we test the robustness of the exchange rate-driven effect on quality across a variety of em- 
pirical specifications. In column (1), we replace the nominal exchange rate with a real exchange rate. The 
exchange rate effect is preserved even though the significance and size of the exchange rate coefficient is 
somewhat reduced, probably because of the substantially lower variation of the real exchange rate relative 
to the nominal rate." Similarly, the exchange rate result survives with a smaller magnitude in trimmed 
estimations without observations of the dependent variable above the 99th percentile and below the Ist 
percentile. This ensures that the main results are not driven by extreme outliers (see column (3)). In column 
(2), we drop the chemical and pharmaceutical sectors from the estimations, which make up almost half of 
the Swiss export economy in terms of export sales. Interestingly, this tends to increase the size and signif- 
icance of the exchange rate effect on quality because quality changes in those sectors may be more related 
to secular trends such as the demand increase for high-end medical products or regulatory changes rather 
than exchange rate fluctuations. In the next step, we employ the Arellano-Bond GMM estimator in col- 
umns (4) and (5) that allows us to include lags of the quality measure and to consider the potential 


161 the estimations for Figure 4, we omit the top 10% of the sample distribution for which this indicator exhibits a dispropor- 
tionately large dispersion. 


Moreover, columns (1) and (2) of the Table Al show that the exchange rate-driven effect on quality also holds with real 
rates in further specifications, including column (2) that displays the stronger effect of the real exchange rate on quality in 
sectors relying more on R&D and advertisement. 
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endogeneity of the exchange rate. This model thus takes into account the potential for dynamic or gradual 
adjustments of a dependent variable of interest, in our case the exported product quality. The exchange rate 
effect remains similar in terms of size and statistical significance after including past values of the quality 
indicator in column (4). We use third and fourth lags of the quality variable as instruments for the past 
values of the quality indicator, whereas the exchange rate is treated as exogenous in column (4). The valid- 
ity of the used instruments, which corresponds to the null hypothesis in the Sargan overidentification test, 
cannot be rejected at the 10%-significance level (p-value is .198 as indicated in Table 3). Moreover, errors 
do not exhibit higher-order autocorrelation so that the requirements for the consistency of the Arellano— 
Bond estimator are met. In column (5), we treat current exchange rate changes as endogenous. For in- 
stance, this potential endogeneity means that distinct appreciation episodes are caused by different factors, 
such as the euro crisis or a strengthening of the export sector, and therefore do not necessarily exert a uni- 
form effect on the exported quality. We take this concern into consideration and use third lags of exchange 
rate changes to instrument for current exchange rate changes.'® We can again not reject the validity of the 
instruments (p-value = .15) and there is no higher-order autocorrelation of errors, as required for consis- 
tency. There is some evidence for a gradual adjustment of quality to current and past changes of the ex- 
change rate in column (5). This indicates that exporters need some time to fully adjust the export quality in 
response to exchange rate movements. Dynamic estimations in columns (4) and (5) also reveal that the 
current quality growth rate depends negatively on its first- and second-order lag, implying a mean-revert- 
ing behaviour in our quality measure. This implies that periods of quality improvements (or deteriorations) 
are followed by periods of consolidation in which the quality growth rate returns to its mean value. In 
column (6), we observe a positive relationship between imported input prices and average export quality 
absorbing some of the effect previously attributed to changes in overall production prices. This pattern is 
consistent with exporters switching to more expensive imported inputs to produce higher-quality export 
goods, as shown in the trade literature for developing countries such as China (Bas & Strauss-Kahn, 2015). 
Changes in real GDP per capita are not found to be related to quality changes in column (7). In column (8), 
we recalculate the quality measure using the substitution elasticities (sigmas) from Soderbery (2015). 
Fortunately, the effect of exchange rate changes on export quality remains qualitatively unaffected so that 
the main conclusions are robust to the use of this alternative set of widely used sigma estimates. Overall, 
the results of Tables 2 and 3 show that there is a significant and robust increase in the observed quality at 
the HS 8-digit product category triggered by a CHF appreciation. This is consistent with our theoretical 
motivation that predicts a firm composition effect after an appreciation, which favours the production of 
higher-quality varieties by more capable firms. 

In the set of estimations of Table 4, we employ the quality composition indicator from Section 3.2. 
The exchange rate effect is estimated fairly precisely and has a systematic positive impact on the average 
export quality in columns (1)-(4). This indicates a gain in market shares of more expensive HS 8-digit 
products within a given HS 4-digit product category as a result of a Swiss Franc appreciation. This ex- 
change rate-driven shift towards higher-quality goods proxied by unit values is more pronounced for 
differentiated goods than for homogeneous goods, as can be seen from comparing column (8) with (6). 


18Similarly, we also use third lags of quality changes as instruments for their current changes. 


Rather than interacting the exchange rate with a differentiated goods dummy as in Table 4, we perform subsample 
estimations restricted to homogeneous (columns (5) and (6)) or differentiated goods (columns (7) and (8)) in Table 5. The 
reason for applying this different strategy is that in the full sample the quality composition measure at the HS 4-digit level 
(dependent variable) contains in the majority of cases both differentiated and homogeneous goods. Therefore, the more 
disaggregated Rauch (1999)-classification dummy cannot be directly applied at this higher aggregation level (HS 4-digit 
level) and we decided to construct the quality composition measure either with homogeneous (columns (5) and (6)) or 
differentiated (columns (7) and (8)) goods only in this set of estimations. 
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In quantitative terms, the effect of a 10% appreciation of the Swiss Franc translates into ап increase of the 
average export quality by about 1% for differentiated goods (see column (8)). The stronger and more 
significant exchange rate effect for products with a greater scope for quality differentiation is arguably 
indicative of our measure capturing compositional quality changes within a product category. Moreover, 
the results hold after controlling for the market concentration within HS 4-digit product categories and 
destinations. Similar to previous results on disaggregated quality changes (see Tables 2 and 3), a more 
concentrated market structure is associated with larger market shares of higher-quality goods, as dis- 
played in columns (4)–(8). Increases in real GDP in destination countries are negatively related to average 
export quality, as larger markets are characterised by higher expenditures and thus also allow lower qual- 
ity goods to survive. 

We conducted a series of robustness checks in Table 5. The positive effect of an appreciation on 
the average export quality is robust to using bilateral real rather than nominal exchange rate indices in 
column (1), dropping the chemical and pharmaceutical sector in column (2) and to trimming the sam- 
ple according to the Ist and 99th percentile of the dependent variable in column (3).20 In columns (4) 
and (5), Arellano and Bond (1991) models are estimated that allow quality changes to be correlated 
over time and to gradually adjust to past exchange rate shocks.”! From columns (4) and (5) we see that 
current exchange rate changes are still significant and somewhat stronger quantitatively compared to 
previous models that did not control for dynamic adjustments. In column (5) current exchange rate 
changes are considered as endogenous and instrumented by second lags of the exchange rate variable. 
The results in column (5) suggest that no changes in the average export quality occur in response to 
past exchange rate fluctuations. Furthermore, test statistics support the consistency of the dynamic 
models in columns (4) and (5), as errors do not display higher-order autocorrelation and the validity 
of instruments for the quality and exchange rate variables is not rejected (see p-values of the Sargan 
test in Table 5). Column (6) that includes a control for changes in imported input prices and previous 
results with our second quality measure indicate that there is no stable relationship between changes 
in production prices and the quality composition of exports. In column (7) we replace the change in 
log real GDP with the change in log real GDP per capita. We do not find a positive effect of real GDP 
per capita on quality, which one would expect when the demand for higher-quality rises with the in- 
come level (non-homothetic preferences). However, changes in log real GDP and log real GDP per 
capita are correlated and therefore it is difficult to disentangle the two variables econometrically. As a 
consequence, the estimated coefficient of the change in log real GDP per capita turns out to be similar 
to previous results obtained with the change in log real GDP. In the last two columns (8) and (9) we 
use a quality composition measure recalculated at the narrower HS 6-digit product category. This in- 
creases the comparability of products in terms of quality within a given product category. Although 
smaller in size, the exchange rate effect remains highly significant, which ensures that the exchange 
rate effect on quality is not driven by bundling products that might not necessarily be comparable 
among one another. The smaller magnitude of the exchange rate coefficient can be explained by the 
dramatically reduced number of HS 8-digit products within a HS 6-digit product category, which 
lowers the variability of the quality composition measure calculated at this more disaggregated level. 

Both measures of quality show at different levels of aggregation that the export composition shifts 
towards goods of higher quality after a currency appreciation. Apart from a pure selection effect 
of higher-quality goods, this might also be the result of firm-level adjustments of product quality. 
With the data at hand, we cannot disentangle the two possible mechanism in response to currency 


See also columns (3) and (4) in the Table A1 for further estimations with real bilateral exchange rates that turn out to be 
highly significant and similar in size to corresponding specifications with nominal exchange rates. 


та column (4) second to fourth lags and in column (5) second and third lags of the quality indicator are used as instruments. 
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movements that can lead to higher observed average quality at the product level. Nonetheless, the fact 
that the positive effect of an appreciation is also present with the second measure, which is the sum 
of lagged unit values weighted with changes of market shares within more aggregated product cate- 
gories, suggests a substantial reallocation effect towards goods that were already previously of higher 
quality. This is also consistent with quality-augmented Melitz models that predict a shift towards a 
priori more capable exporters after a cost shock, while there are no adjustments to cost changes at the 
firm level in this framework (see also Manova & Zhang, 2012 in this respect). 


4.5 | The effect of quality changes on export growth 


The section aims to explore the effect of quality changes on export sales and volume. As invest- 
ments in quality are costly, it is useful to study the potentially beneficial effect of quality on aggre- 
gate exports. In columns (1)-(4) of Table 6, we employ export unit values as a measure of export 
quality to examine its effect on disaggregated HS 8-digit level export sales and volume. Please note 
that we cannot use the residual based quality measure from Section 3.1 since the residuals have been 
recovered from demand regressions involving export quantities and revenues. The results suggest 
that export unit values are indeed capturing export quality as these unit values exert a significant 
positive effect on export sales, as displayed in columns (1) and (2) that also control for the prod- 
uct market share in a given destination and product category (at the HS 4-digit level). Moreover, 
the positive effect on export sales is particularly pronounced for differentiated goods (see column 
(4)). Quantitatively, a 10%-increase in prices is associated with 2% higher export sales in column 
(1). This positive relationship is consistent with predictions from quality-augmented trade models 
with heterogeneous firms and CES (as outlined in Section 2) or linear demand (see Baldwin & 
Harrigan, 2011; Manova & Zhang, 2012). Column (3) shows that a higher export price reduces the 
demanded volume. This negative relationship is, however, significantly weaker for differentiated 
goods (see column (5)). This is evidence for higher quality making products less sensitive to prices 
and, therefore, shielding the Swiss export sector as a whole at least partly from fiercer price compe- 
tition abroad. In columns (6) and (7), we also observe an increase in export sales at the HS 4-digit 
level resulting from a higher quality measured with our second quality composition measure from 
Section 4.2. This implies that the gains in market shares of higher-quality products also translates 
into an overall rise in exports at higher levels of aggregation. In column (8), we also use as a quality 
measure the log first difference of an average unit value at the HS 4-digit level that is constructed 
by weighting unit values at the HS 8-digit level with their market shares within a HS 4-digit product 
category. This measure is arguably more comparable to unit values used in columns (1)—(5) than our 
other quality composition measure. The fact that the positive impact on export sales is less strong 
in column (8) (as well as in columns (6) and (7)) as opposed to more disaggregated estimations 
(see columns (1), (2) and (4)) indicates a “survival of the fittest”-mechanism at work, with some 
products with lower perceived quality not only loosing market shares but also exiting destination 
markets altogether. Table 6 also confirms the greater importance of demand factors relative to ex- 
change rate fluctuations for export sales and volume in line with the literature (Auer & Saure, 2011; 
Hanslin Grossmann, Lein, & Schmidt, 2016), as can be seen by comparing the size of the positive 
GDP with the negative exchange rate coefficient. Related to its beneficial effect on aggregate export 
sales, a higher average export quality is also likely to increase the resilience of the Swiss export 
sector to currency appreciations due to a lower price sensitivity of higher-quality goods, as shown in 
Table 6. However, firm profits are still likely to fall when the Swiss franc appreciates, as suggested 
by Lassmann (2013). 
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5 | CONCLUSIONS 


The empirical results imply that the average product quality of Swiss exports increases in response 
to a currency appreciation. Apart from changes in export prices, the input mix and the shift towards 
higher growth markets, the upward adjustment in quality is thus another channel through which an 
economy reacts to a loss of competitiveness resulting from a stronger currency. The regressions also 
convey that the quality improvement occurs through a shift in market shares towards higher-quality 
goods. This indicates the importance of policies that promote product market flexibility and allow for 
a rapid structural change in the export composition. Furthermore, the exchange rate-driven quality 
effect is particularly pronounced for differentiated goods and in sectors that are intensive in R&D 
and advertisements. For instance, while quality does not respond to exchange rate changes in sectors 
with more homogeneous goods and stronger price competition such as natural resources, a currency 
appreciation results in significant quality improvements in sectors such as machinery and precision 
instruments (incl. watches) with a greater scope for quality differentiation. We also find a positive re- 
lationship between export quality and export sales that becomes somewhat smaller at higher levels of 
aggregation. This suggests that there is a more pronounced selection or “survival of the fittest’-effect 
at higher aggregation levels, with some products dropping out of the export market altogether after a 
currency appreciation, as shown in Fauceglia, Lassmann, et al. (2014). The link between quality and 
export sales also indicates that a higher quality reduces the price sensitivity of exports and thereby 
shields Swiss exporters at least partly from price competition in destination markets. The lower price 
sensitivity of higher-quality goods also increases the overall resilience of the export sector. This char- 
acteristic of quality is particularly important in periods of currency appreciations that tend to lower 
the price attractiveness of exports. The empirical findings are robust to a variety of different specifica- 
tions, including estimations without the chemical and pharmaceutical sector that make up more than 
half of the Swiss export sector. From a methodological point of view, the results in this paper suggest 
that price estimations without quality controls are likely to overstate the extent of exchange rate pass- 
through irrespective of the type or aggregation level of the data. 
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APPENDIX 


THEORETICAL MODEL 


This section sketches a multicountry partial equilibrium quality-augmented Melitz (2003) model that 
borrows several features from Crozet, Head, and Mayer (2012), Johnson (2012) and Baldwin and 
Harrigan (2011). We use the simplest possible CES framework augmented with quality to derive 
a prediction about the average quality of exports. At the firm level, this framework predicts full 
pass-through and no adjustment in quality because of a constant a priori distribution of capabilities 
and markups. At the product level, however, a currency appreciation raises the capability threshold 
of the marginal exporter. This results in a composition effect that increases average export quality. 
Consumers in the destination market c exhibit Dixit & Stiglitz preferences U; over the differentiated 
varieties œ within a HS 8-digit level product category i, with a constant elasticity of substitution ø > 1 
, between any two varieties œ. Moreover, the perceived quality g(@) of a variety œ acts as demand 
shifter. Therefore, preferences И; and demand x,.,(@) for a variety œ in period г within a HS 8-digit 
product i are of the form: 


с 


N т 
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where № corresponds to the number of existing varieties @ within a HS 8-digit product i. These prefer- 
ences in (1) lead to a system of demand functions х, (о) for each variety œ. We formulate a demand х, for 


each variety œw at the observed product-level i that depends on the product quality g,., and price р, relative 


~ 


to the price index P „ and income E, in destination c and year t: 
г 


(= а ВР би (А2) 


As standard in this CES framework, a firm chooses an export price p;,, that is а constant markup 
over marginal cost тс: 


(A3) 
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Please denote that p;., in (9) corresponds to the local-currency price in the destination market. The 
export price p,,, therefore also reflects iceberg trade costs т,,, implying that 7, > 1 must be shipped in 
order for one unit of the good to arrive in destination market с. Furthermore, £, is the exchange rate 
in terms of foreign currency per unit of domestic currency. Dixit—Stiglitz CES preferences lead to full 
pass-through of exchange rate changes and thus the following relationship ри, = Е Та between the 
in our data unobserved p;., апа the observed domestic currency free on board price p” 4 Pia (с) is the 
quality-adjusted price and is obtained by dividing р; by ду We can define firm capability а, as the 
ratio between quality and marginal cost: a;.,= = Intuitively, a capable firm is a high-productivity 
firm (low mc,) that sells high-quality products (high q;.,) demanded by customers. We can thus express 
the quality-adjusted price and the revenues as a function of firm capability as follows: 


~ o Ente 
Рашко) = (>), (A4) 
o—l/ а 
Га ()) = XictPict = Pilti) Р Ба (A5) 


As a result, more capable firms with a higher а, charge lower quality-adjusted prices (see Equation 
(A4)) and generate higher revenues (see Equation (A5)). In order to export to destination c a, firm 
must cover a fixed cost of market entry f.. This leads to the following zero-profit condition: 


raat, =f. (А6) 
[0] 


The left-hand side of Equation (Аб) corresponds to operating profits that must be equal or higher 
than market entry costs f, for a firm to serve export market с. For the marginal exporter with zero 
profits Equation (Аб) holds with equality. This determines the minimum capability threshold а“, re- 


quired to export a HS 8-digit product i to destination c. Defining attractiveness of an export market c 
GS 
— „1-с ро-1 ; ; = с . ГИ РЕ А 
as А =7, "Ра Ega and collecting terms іп у= с (55) ‚ we obtain the minimum capability а; of 


the marginal exporter to enter destination c: 


Е (2) а (А7) 
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TABLE A1 Robustness to real exchange rate movements 
AQuality 
Dependent variable а) (2) (3) (4) 
Quality measure Demand residual (HS8) (1/2) Unit value based (HS4) (3/4) 
AReal exchange rate 0.0450“ 0.0760“ 0.0732“ 0.0585“ 
(0.0215) (0.0276) (0.0180) (0.0246) 
AReal exchange 0.146“ 
rate х differentiated (0.0345) 
goods 
AReal GDP —0.142 —0.0959 0.505" – 0.267" 
(0.0964) (0.0965) (0.108) (0.132) 
AProduction prices 0.263“ 0.242 0.0793 0.0390 
(0.0431) (0.0437) (0.0531) (0.0802) 
Market share ome 
(0.0339) 
HHI 1.587” 
(0.0343) 
Observations 1,346,820 1,328,779 446,492 320,746 
Estimation OLS OLS OLS OLS 


Notes: Column (4) is estimated with differentiated goods only. All columns contain destination-HS4-product group fixed effects and 
time trends as well as year fixed effects. 

жр < .01, **p < .05, *p < .1, robust standard errors in parentheses, standard errors in parentheses are clustered at the destination- 
sector (HS 2-digit) level. 


For a given market entry cost f., a more attractive export market с (high A,,) due to larger size 
(higher E,,,), less competition (higher Ë) or better accessibility (low т.,) also allows less capable firms 
to profitably enter and reduces а“ . Equation (A7) also makes clear that the minimum level of capabil- 
ity is increasing in the exchange rate. In other words, an exchange rate appreciation (€, Т ) raises the 
capability of the marginal firm. The observed product-level quality depends on the relationship be- 
tween firm capability and the provided quality. We assume that this relationship can be described as 

9 


а power function; ду = а; и Similarly (о Melitz (2003), we compute special averages of the quality 


dict Observed at the HS 8-digit product level: 


0 

af # Адра ү 1 Е c-l 2 
Fict(AG;..,)) =a (а) = (= м a ict аС(а;.,) . (А8) 
Equation (A8) shows that the quality level д; rises whenever capability and product quality аге 
positively correlated or, equivalently, that is if 0 > 0 holds. Equations (А7) апа (АЗ) indicate how the 
exchange rate and quality are tied together. A currency appreciation increases the capability of the 
marginal exporter (see Equation A7) and shifts the composition towards more capable firms that pro- 


duce higher-quality products (see Equation A8). This results in rising market shares of higher-quality 


The power function is a convenient mathematical formulation that allows to obtain tractable model solutions and to describe 
any arbitrary (e.g. a positive) relationship between firm capability and product quality (see for instance Johnson, 2012 for an 
application in a very similar quality context). 
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varieties and an increase in the average export quality at the observed product level. The next hypoth- 
esis summarises this result. 


Hypothesis A currency appreciation increases the observed quality of a product through a compo- 
sition effect that favours more capable firms producing higher-quality varieties. 


This theoretical result is entirely driven by a selection effect in the firm-product composition after 
an exchange rate shock. The exchange rate effect does not materialise because firms adjust their qual- 
ity in response to a stronger exchange rate. A similar composition effect is also present in the initial 
Melitz (2003) model that emphasises firm productivity instead of capability. In the original Melitz 
(2003) model, an exchange appreciation would also raise the productivity threshold and force the least 
productive exporters to exit (see also Rodriguez-Lopez, 2011). Our composition effect also bears 
similarities with the competitive model proposed by Auer and Chaney (1991) in which low-quality 
producers also pull out of the export market as a result of an exchange rate appreciation. 


